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Introduction {#sec008}
============

The number of young cancers survivors is ever increasing, and by the year 2020, it is estimated that there will be half a million survivors of childhood cancer residing in the United States \[[@pmed.1002960.ref001]\]. A consequence of this is the emergence of long-term sequelae, late effects, the most common of which are endocrine disorders that affect up to 50% of adult childhood cancer survivors \[[@pmed.1002960.ref002], [@pmed.1002960.ref003]\]. Endocrine sequelae of cancer therapy include functional alterations in the hypothalamic--pituitary--gonadal axis \[[@pmed.1002960.ref004], [@pmed.1002960.ref005]\], and over 50% of male cancer survivors have laboratory evidence of impaired gonadal function and are worried about the risk of infertility \[[@pmed.1002960.ref006]\]. Cross-sectional data show that 27% of young male cancer survivors 25--45 years old have a serum testosterone concentration below the 10th centile of matched controls \[[@pmed.1002960.ref007]\], associated with increased trunk fat mass and worse quality of life (QoL) than matched controls \[[@pmed.1002960.ref007], [@pmed.1002960.ref008]\].

The Endocrine Society guidelines recommend that the diagnosis of testosterone deficiency is only made in men with consistent symptoms and signs and a clearly low serum testosterone \[[@pmed.1002960.ref009]\]. For most symptoms, the serum testosterone threshold for likelihood of symptoms was around the lower limit of the normal range for young men---i.e., approximately 10 nmol/l. The measurement of luteinising hormone (LH) may differentiate primary from secondary hypogonadism, but it may be high with normal testosterone levels and is not recommended for determining treatment.

Diagnosing testosterone deficiency on clinical grounds in a cancer survivor is complex because they may have other causes for the signs and symptoms of testosterone deficiency, which include increased body fat, reduced muscle bulk, and impaired QoL. Male cancer survivors with circulating testosterone levels that are clearly low (\<7 nmol/l; below the normal range in most laboratories) will usually be prescribed testosterone therapy. There is, however, no evidence to guide treatment decisions in male cancer survivors with borderline low testosterone levels 7--12 nmol/l.

Most clinical trials of testosterone treatment have been in older men. In symptomatic men age 65 years or older, raising testosterone concentrations from borderline low to the midnormal range for men age 19--40 years had moderate benefit for sexual function and some benefit for mood and depressive symptoms but no benefit for vitality or walking distance \[[@pmed.1002960.ref010]\]. The smaller number of studies in younger men show that testosterone treatment reduces fat mass and increases lean body mass in healthy young men and improves metabolic profile, sexual functioning, and mood in young hypogonadal men with no history of cancer \[[@pmed.1002960.ref011]--[@pmed.1002960.ref013]\]. However, in cancer survivors, there may be other contributory causes to adverse body composition, metabolic profile, and poorer QoL, so it cannot be assumed that these problems are all caused by the lower testosterone or that testosterone treatment will have the same effect as in men with other causes of hypogonadism. There has only been one small study of testosterone treatment in male cancer survivors \[[@pmed.1002960.ref014]\]. Sixteen men were included in the treatment arm, and patients were selected based on high LH rather than low testosterone level. In this study, there was no change in body composition after 12 months of treatment.

We hypothesised that the lower testosterone in male cancer survivors may contribute to the high fat mass and poor QoL found in young male cancer survivors. The Testosterone Replacement in Young Male Cancer Survivors (TRYMS) study was an academically led, charity-funded (Cancer Research UK), study to examine the effect of testosterone replacement, given as directed by the testosterone label, on body composition, QoL, and metabolic profile in male cancer survivors with borderline low serum testosterone levels.

Methods {#sec009}
=======

Study design {#sec010}
------------

TRYMS (ISRCTN 70274195, EudraCT 2011-000677-31) was a prospective, multicentre, randomised, double-blind, placebo-controlled, parallel-group, superiority trial. Participants were recruited from 10 secondary care centres in the UK. The study was approved by the Derby UK Research Ethics Committee (11/EM/0164), an independent Health Research Authority committee. All participants gave written informed consent, and the study was conducted according to the Declaration of Helsinki. The study was conducted according to the protocol ([S1 Text](#pmed.1002960.s001){ref-type="supplementary-material"}) and statistical analysis plan.

Participants {#sec011}
------------

Participants were men aged 25--50 years who were at least 12 months from the end of curative treatment for either testicular cancer, lymphoma, or leukaemia and had a baseline morning serum total testosterone between 7 and 12 nmol/l. Exclusion criteria were as follows: body mass index (BMI) above 35 kg/m^2^, testosterone treatment within the last 12 months, oral or IV glucocorticoid treatment, active graft versus host disease, type 1 diabetes mellitus, disease or current medication known to have significant effects on body fat mass or distribution, hormone-dependent cancer, heart failure, obstructive sleep apnoea, or any other contraindication to testosterone treatment. Participants were approached by their usual care teams in oncology or late effects clinics in secondary care hospitals in Sheffield, London, Cambridge, Glasgow, Nottingham, Leeds, Manchester, Southampton, and Cardiff.

Randomisation and masking {#sec012}
-------------------------

Patients were randomised centrally on a 1:1 basis to receive either Tostran 2% (testosterone) gel or placebo gel (with the same packaging and gel appearance). Randomisation was stratified to ensure balance between groups by using minimisation with a random element and the following minimisation factors: serum testosterone eligibility measurement 7.0--9.9, 10.0--12.0 nmol/l; type of previous cancer (testicular cancer, lymphoma, leukaemia); BMI (\<25, 25--29.9, 30--35 kg/m^2^); age (divided at middle of study age range: 25--37, 38--50 years); time from end of curative cancer treatment (12--30, 31--60, 61+ months); and randomising site. An automated telephone randomisation line was used; minimisation factors were entered, and a randomisation number was issued. Participants and all members of local study teams were blind to treatment allocation. Chief Investigators and all other clinical collaborators were also blind to allocation until database lock and primary analyses were complete.

Intervention {#sec013}
------------

Testosterone replacement or placebo was prescribed, with the licenced recommended starting dose of six pumps, equivalent to 60 mg of Tostran 2%. The gel was administered in the morning to skin of the legs or abdomen. Participants were instructed to apply the gel over an area about the size of both their hands and to wait for the gel to be touch dry before dressing. Serum testosterone was measured in the central laboratory after 2 weeks. A dose titration was performed to bring serum testosterone into the upper half of the reference range, following an algorithm (**[Table 1](#pmed.1002960.t001){ref-type="table"}**), and checked by an independent unblinded doctor if serum testosterone was outside the range from 5 to 40 nmol/l. Participants allocated to placebo also received a titration instruction to maintain blinding. Treatment adherence was assessed by participant-reported doses missed and weighing of returned Tostran canisters.

10.1371/journal.pmed.1002960.t001

###### Dose titration.

![](pmed.1002960.t001){#pmed.1002960.t001g}

  Testosterone gel *N* = 68   Placebo *N* = 68             
  --------------------------- ----------------------- ---- ----
  \<11 nmol/l                 80 mg/day               5    4
  11--14.9 nmol/l             70 mg/day               9    7
  15--34.9 nmol/l             60 mg/day (no change)   36   44
  35--40 nmol/l               40 mg/day               13   9
  \>40 nmol/l                 40--20 mg/day           4    1
  Titration not done                                  1    3

Algorithm-based adjustment in testosterone gel arm and numbers of equivalent dummy titrations in placebo arm.

End points {#sec014}
----------

The trial was designed for two coprimary end points: change in trunk fat mass (kg) by dual-energy X-ray absorptiometry (DXA) and SF36-PF at 26 weeks. SF36-PF was selected from the available QoL tools because it was clinically significantly different between cancer survivors and controls in the previous observational study \[[@pmed.1002960.ref008]\].

The secondary end points were whole-body fat mass and lean mass; fasting insulin:glucose ratio; fasting lipids and bone density at 26 weeks; and BMI, waist circumference, and other QoL scores (from the SF36, Functional Assessment of Chronic Illness Therapy \[FACIT\] Fatigue, Derogatis Interview for Sexual Functioning--Self Report II \[DISF-SRII\] sexual functioning, and Rosenberg Self-Esteem \[RSE\] questionnaires) at 13 and 26 weeks \[[@pmed.1002960.ref015]--[@pmed.1002960.ref018]\].

Procedures {#sec015}
----------

End point assessments and safety bloods were obtained at baseline, 13 weeks, and 26 weeks. Whole-body DXA was only obtained at baseline and week 26. In addition to the baseline, 13-week, and 26-week visits, phone calls to collect adverse events, adherence, and concomitant medications were made at 6 weeks, 19 weeks, and 30 days after treatment completion.

Safety bloods were haemoglobin, haematocrit, and PSA. Adverse events were recorded from enrolment to final phone call 30 days after the end of treatment.

Anthropometry {#sec016}
-------------

Height and weight were measured with electronic scales and a stadiometer to 0.1 cm and 0.1 kg. BMI was calculated as weight (kg)/height^2^ (m). Waist circumference was measured in centimetres measured at the midpoint between costal margin and iliac crest three times, and the mean value was used.

DXA {#sec017}
---

Body composition was assessed by whole-body DXA. Lunar and Hologic machines were used by the study centres. These were all standard-model commercially available DXA machines with the capability for whole-body scanning to assess fat mass, fat-free mass, and bone mass. The whole-body scan is divided into regions by automated analysis to determine regional values for the trunk and limbs. Quality assurance (QA) and image acquisition and analysis were done according to a study-specific manual, with separate instructions for Hologic and Lunar machines, derived from the manufacturers' standard protocols and written by a bone densitometry expert with experience of DXA use in multicentre trials. To determine the precision of each machine, a standard spine phantom was scanned 25 times before the first participant was measured. QA was done at each site by scanning a standard spine phantom on each day that a participant was measured. Sites provided monthly reports of their QA data and scanner servicing and maintenance. All DXA images and scanner QA reports were reviewed centrally by one of the authors with experience of DXA use in clinical practice and research (JSW) and the bone densitometry expert who wrote the study-specific manual.

Laboratory measurements {#sec018}
-----------------------

Blood samples were obtained after fasting from midnight to between 8 AM and 10 AM (+/− 1 hour).

Testosterone measurements for eligibility and bloods for safety and secondary end points (full blood count, urea and electrolytes, liver function test, calcium, lipid profile, glucose and insulin) were measured in in each recruiting hospital's NHS laboratories according to their local standard procedures.

Serum testosterone for the titration at 2 weeks was measured in a single central laboratory (Sheffield Teaching Hospitals). Measurements of testosterone and LH from baseline and 26 weeks were also made in the central laboratory in a batched analysis at the end of the study. Serum for these measurements was obtained in serum-separating tubes (SSTs), left to clot for 30 minutes, centrifuged at 4°C and 3,000 rpm for 10 minutes, and then stored in 1-ml aliquots frozen at −80°C. Both of these measurements were made by immunoassay using a Roche Cobas 8000, e602 module. CVs were as follows: testosterone ≤ 6.4%, LH ≤ 4.2%.

QoL {#sec019}
---

QoL was assessed with the SF36 \[[@pmed.1002960.ref015]\], FACIT Fatigue \[[@pmed.1002960.ref016]\], DISF-SRII sexual functioning \[[@pmed.1002960.ref017]\], and RSE questionnaires \[[@pmed.1002960.ref018]\]. Participants completed the questionnaires on paper in a private room without study staff present. They were given written instructions on how to complete the questionnaires, with assurances of confidentiality, and told they could miss any questions that they were not able or willing to answer. SF36 is scored to 100 (higher score indicates better QoL), physical functioning score is scaled to 100, and the physical component summary and mental component summary are set to a population mean of 50; FACIT is scored to 52 (higher score indicates less fatigue); DISF-SRII is scored to 100 (100 indicates better sexual function); RSE is scored to 30 (higher score indicates higher self-esteem).

Statistics {#sec020}
----------

The sample size calculations were based on a two-sample *t* test. The two primary end points were deemed unrelated, so alpha was not split between the end points. Although there was no evidence to indicate that the treatment effect would differ depending on baseline serum testosterone levels, the trial was originally powered to recruit and analyse in two strata defined by eligibility serum testosterone 7.0--9.9 and 10.0--12.0 nmol/l to test for a treatment effect in each stratum. For trunk fat mass, an effect size of 1.7 kg was determined to be clinically meaningful based on clinical consensus. With a common standard deviation of 3 kg for the change in trunk fat mass \[[@pmed.1002960.ref019]\], 80% power, and a 5% (two-sided) significance level, 50 participants were required per group (total 200 participants). For the SF36-PF, a moderate difference (standardised effect size of 0.5--0.8) was deemed to be clinically meaningful. Between 52 and 128 participants per stratum were required to detect this degree of superiority using a two-sample *t* test of equal means with 80% power and a 5% (two-sided) significance level (total 104--256 participants). Because of the large range in sample size requirements for SF36-PF, the decision was made to base the final sample size on trunk fat mass. Therefore, after accounting for a 10% dropout rate and a possible imbalance of up to 40:60 in the two strata, the required sample size was 268.

Recruitment to TRYMS was slower than predicted, so the duration of the trial was extended by 6 months, and a design modification was made to combine the two strata and investigate the influence of baseline serum testosterone in an exploratory analysis. The decision to modify was made without reference to any outcome data. To detect a 1.7-kg difference in trunk fat mass, assuming a dropout rate of 10%, the revised minimum sample size was determined to be 112. A corresponding sample size of between 58 and 144 was required to detect a moderate effect size of 0.5--0.8 in SF36-PF, assuming a dropout rate of 10%.

A statistical analysis plan was agreed on by the trial management group prior to database lock. Analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Baseline variables were reported with descriptive statistics, and no significance tests were conducted.

The primary analysis was conducted on the intention-to-treat (ITT) population, and missing data were imputed using multiple imputation by chained equations. Characteristics of patients with missing data were compared with those without missing data using descriptive summary statistics, and there were no reasons to assume that the missing-at-random assumption was invalid, apart from the DISF-SRII data for which the missing data mechanism could not be determined and a formal analysis was not conducted.

Differences between treatment arms for trunk fat mass at 26 weeks were compared using linear regression adjusting for the clinical minimisation factors, baseline trunk fat mass, and treatment as fixed effects and centre as a random effect. The treatment effect estimate, corresponding 95% CI, and *p*-value are presented.

The SF36-PF data were strongly negatively skewed (overall median 95.0, range 0.0--100.0), and an amendment was made to the original statistical analysis plan so that the SF36 data were dichotomised into perfect SF36-PF (score 100.0) versus nonperfect SF36-PF. Differences between treatment arms for SF36-PF at 13 and 26 weeks were compared using multilevel logistic repeated measures modelling, accounting for data at 13 and 26 weeks and adjusting for the clinical minimisation factors, baseline physical functioning score, time, treatment, and treatment--time interaction as fixed effects. Randomising site, participant, and participant--time interaction were fitted as random effects. Because the study was designed and powered to test the difference in SF36-PF score, not the proportion of perfect SF36-PF score, this analysis should be considered an exploratory end point rather than a primary end point as originally intended.

Differences between treatment arms for BMI, waist circumference, and other QoL scores were compared using multilevel repeated measures modelling with an unstructured covariance matrix, accounting for data at 13 and 26 weeks and adjusting for the clinical minimisation factors, baseline measure of the endpoint, time, treatment, and treatment--time interaction as fixed effects. Randomising site, participant, and participant--time interaction were fitted as random effects.

Differences between treatment arms for fasting insulin:glucose ratio, fasting lipids, lean body mass, whole-body fat mass, and bone density were compared using linear regression adjusting for the clinical minimisation factors, baseline measure of the end point, and treatment as fixed effects, and centre was included as a random effect. Fasting insulin:glucose ratio and triglycerides were analysed on the natural logarithm scale.

Exploratory analyses were conducted to explore treatment effects on trunk fat mass at 26 weeks within subgroups defined for the following baseline characteristics: trunk fat mass (≤13.3, 13.3--17.8 kg, \>17.8 kg), serum testosterone (7.0--9.9, 10.0--12.0 nmol/l), age (25--37, 38--50 years), cancer diagnosis (testicular or leukaemia/lymphoma), and LH (low/normal/high based on the central laboratory reference range). Likelihood ratio tests were used to determine whether the interactions of these characteristics with treatment were statistically significant.

A data monitoring committee with access to unblinded data oversaw the safety of the study. A trial steering committee had oversight of trial progress and approved the protocol changes.

Results {#sec021}
=======

A total of 136 men aged 25--50 years were recruited between 17 July 2012 and 17 February 2015 (Consolidated Standards of Reporting Trials \[CONSORT\] diagram **[Fig 1](#pmed.1002960.g001){ref-type="fig"}**). The common reasons for ineligibility for registration were age, BMI, time since cancer treatment, or safety exclusion criteria. The commonest reason for ineligibility after registration was serum testosterone outside the range for the study. Baseline characteristics are presented in **[Table 2](#pmed.1002960.t002){ref-type="table"}**. The groups were well balanced for age, height, BMI, eligibility testosterone, type of cancer, and time from cancer treatment. Mean baseline trunk fat mass was similar in the testosterone and placebo groups. The mean baseline SF36-PF score was lower in the testosterone group than the placebo group, and this was accounted for in the analysis.

![CONSORT diagram.\
CONSORT, Consolidated Standards of Reporting Trials; DXA, dual-energy X-ray absorptiometry.](pmed.1002960.g001){#pmed.1002960.g001}

10.1371/journal.pmed.1002960.t002

###### Baseline characteristics.

![](pmed.1002960.t002){#pmed.1002960.t002g}

  ------------------------------------------------------------------------------------------------------------------------
  Characteristic                                         Placebo *n* = 68         Testosterone gel *n* = 68   
  ------------------------------------------------------ ------------------------ --------------------------- ------------
  Age, years                                             25--37                   29 (42.6%)                  29 (42.6%)

  38--50                                                 39 (57.4%)               39 (57.4%)                  

  Height, cm                                             180.0 (5.7)              181.2 (6.9)                 

  BMI, kg/m^2^                                           28.1 (3.1)               27.6 (3.1)                  

  Eligibility testosterone, nmol/l                       7.0--9.9                 41 (60.3%)                  40 (58.8%)

  10.0--12.0                                             27 (39.7%)               28 (41.2%)                  

  Cancer diagnosis                                       Testicular               60 (88.2%)                  60 (88.2%)

  Lymphoma                                               7 (10.3%)                6 (8.8%)                    

  Leukaemia                                              1 (1.5%)                 2 (2.9%)                    

  Time from end of cancer treatment, months              12--30                   31 (45.6%)                  27 (39.7%)

  31--0                                                  18 (26.5%)               17 (25.0%)                  

  61+                                                    19 (27.9%)               24 (35.3%)                  

  Cancer treatment\                                      Surgery                  57 (83.8%)                  57 (83.8%)
  (not mutually exclusive, 1 participant missing data)                                                        

  Chemotherapy                                           47 (69.1%)               48 (70.6%)                  

  Radiotherapy                                           8 (11.8%)                10 (14.7%)                  

  Trunk fat mass, kg (mean)                              15.7 (4.7)               15.7 (5.3)                  

  Trunk fat mass, kg\                                    ≤13.3                    22 (32.4%)                  24 (35.3%)
  (*N* per tertile)\                                                                                          

  13.3--17.8                                             26 (38.2%)               19 (27.9%)                  

  \>17.8                                                 20 (29.4%)               25 (36.8%)                  

  SF36 Physical Functioning score (2 missing)            91.9 (14.6)              81.8 (26.2)                 

  Rosenberg Self-Esteem (5 missing)                      20.9 (5.3)               19.9 (6.5)                  

  DISF-SRII sexual functioning (29 missing)              79.3 (25.3)              74.6 (27.8)                 

  FACIT Fatigue (2 missing)                              35.4 (11.7)              35.2 (12.1)                 

  LH (8 missing)                                         Normal (1.7--8.6 IU/l)   44 (64.7%)                  44 (64.7%)

  High (\>8.6 IU/l)                                      22 (32.4%)               18 (26.5%)                  
  ------------------------------------------------------------------------------------------------------------------------

Continuous variables given as mean (SD), categorical given as N (%).

Abbreviations: BMI, body mass index; DISF-SRII, Derogatis Interview for Sexual Functioning--Self Report II; FACIT, Functional Assessment of Chronic Illness Therapy; LH, luteinising hormone

Eleven (8.1%) participants withdrew from trial treatment before completion: 6 in the placebo group and 5 in the testosterone group. Four participants were unblinded to their treatment allocation: 2 in the testosterone group and 2 in the placebo group. One (in the testosterone group) was due to high serum testosterone at the 2-week titration. Three were required to inform future clinical care. In the placebo arm, 42 participants (62%) had better than 60% adherence, 5 (7%) had less than 60% adherence, and adherence could not be verified in 21 (31%). In the testosterone arm, 43 participants (63%) had better than 60% adherence, 1 (1%) had less than 60% adherence, and adherence could not be verified in 24 (35%).

Median (interquartile range) serum testosterone at 26 weeks was 11.9 (9.9--13.1) nmol/l in the placebo group and 29.3 (15.5 to 43.1) nmol/l in the Tostran group. Median change in serum testosterone from baseline to 26 weeks was −0.4 nmol/l in the placebo group and 16.1 nmol/l in the Tostran group.

Primary end points {#sec022}
------------------

At 26 weeks, testosterone treatment was associated with a statistically significant decrease in trunk fat mass (**[Fig 2](#pmed.1002960.g002){ref-type="fig"}**). The treatment effect was −0.9 kg (95% CI −1.6 to −0.3, *p* = 0.0073). In the treatment group, 25% of men had a decrease in trunk fat mass of more than 1.5 kg.

![Change in trunk fat mass, whole-body fat mass, and whole-body lean mass at 26 weeks in placebo and Tostran groups.\
Boxes represent the IQR, circles indicate the mean, lines inside the box indicate the median, whiskers represent the range excluding outliers, and asterisks indicate outliers. IQR, interquartile range.](pmed.1002960.g002){#pmed.1002960.g002}

Tostran treatment was not associated with odds of perfect SF36-PF after 26 weeks of treatment (odds ratio \[OR\] = 0.77, 95% CI 0.30--1.97, *p* = 0.5803).

Secondary end points {#sec023}
--------------------

Testosterone treatment was associated with decreased whole-body fat mass (−1.8 kg, 95% CI −2.9 to −0.7, *p* = 0.0016) and increased whole-body lean mass (1.5 kg, 95% CI 0.9--2.1, *p* \< 0.001) (**[Fig 2](#pmed.1002960.g002){ref-type="fig"}**, **[Table 3](#pmed.1002960.t003){ref-type="table"}**). Treatment was not associated with change in any of the other secondary outcomes: fasting insulin:glucose ratio, fasting lipids, bone density, BMI, waist circumference, SF36, FACIT, or RSE. DISF-SRII sexual functioning results could not be formally analysed because more than 30% of data were missing, and the missing data mechanism could not be assumed to be missing at random due to the sensitive nature of the questions.

10.1371/journal.pmed.1002960.t003

###### Treatment effect for primary and secondary outcomes at 26 weeks.
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  End point                               Treatment effect estimate (95% CI)   *p*-Value   Analysis method
  --------------------------------------- ------------------------------------ ----------- ---------------------------------------
  Primary                                                                                  
      Trunk fat mass, kg                  −0.9 (−1.6 to −0.3)                  0.0073      Linear regression
      SF36 Perfect Physical Functioning   0.77 (−0.30 to 1.97)                 0.14        Repeated measures logistic regression
  Secondary                                                                                
      Whole-body fat mass, kg             −1.8 (−2.9 to −0.7)                  0.0016      Linear regression
      Lean body mass, kg                  1.5 (0.9--2.1)                       \<0.001     
      Bone density, g/cm^2^               0.00 (−0.01 to 0.01)                 0.42        
      Ln(fasting insulin:glucose ratio)   −0.06 (−0.30 to 0.19)                0.65        
      High-density lipoprotein, mmol/l    0.01 (−0.17 to 0.18)                 0.93        
      Low-density lipoprotein, mmol/l     −0.05 (−0.27 to 0.17)                0.68        
      Total cholesterol, mmol/l           −0.03 (−0.26 to 0.21)                0.83        
      Ln(triglycerides)                   −0.00 (−0.15 to 0.15)                0.99        
      BMI, kg/m^2^                        −0.17 (−0.58 to 0.24)                0.34        Repeated measures linear regression
      Waist circumference, cm             0.16 (−1.81 to 2.13)                 0.87        
      SF36 physical component summary     −0.98 (−2.86 to 0.90)                0.30        
      SF36 mental component summary       0.16 (−3.49 to 3.82)                 0.93        
      FACIT Fatigue                       −0.63 (−3.40 to 2.13)                0.65        
      RSE self-esteem                     −0.40 (−1.99 to 1.20)                0.63        

Abbreviations: BMI, body mass index; FACIT, Functional Assessment of Chronic Illness Therapy; Ln, natural log; RSE, Rosenberg Self-Esteem

Exploratory analyses {#sec024}
--------------------

Exploratory analyses found that greater decrease in trunk fat mass with testosterone treatment was associated with older age (*p* = 0.031). The decrease in trunk fat mass was greatest in the highest tertile of baseline trunk fat mass (**[Fig 3](#pmed.1002960.g003){ref-type="fig"}**), but the treatment interaction term across the three baseline tertiles of trunk fat mass was not statistically significant (*p* = 0.20). The effect of testosterone treatment on change in trunk fat mass was not significantly affected by baseline serum testosterone, cancer diagnosis, or baseline LH.

![Change in trunk fat mass at 26 weeks in placebo and testosterone-treated groups by tertile of baseline trunk fat mass.\
Boxes represent the IQR, circles indicate the mean, lines inside the box indicate the median, whiskers represent the range excluding outliers, and asterisks indicate outliers. IQR, interquartile range.](pmed.1002960.g003){#pmed.1002960.g003}

Baseline and 26-week results for all outcome variables are reported in **[Table 4](#pmed.1002960.t004){ref-type="table"}.**

10.1371/journal.pmed.1002960.t004

###### Unadjusted absolute values of outcome variables at baseline and 26 weeks.

All given as mean (SD).
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  Outcome variable                   Placebo *n* = 68   Testosterone gel *n* = 68                 
  ---------------------------------- ------------------ --------------------------- ------------- -------------
  Trunk fat mass, kg                 15.6 (4.7)         15.7 (5.1)                  15.7 (5.3)    15.0 (5.1)
  SF36 Physical Functioning          91.9 (14.6)        94.8 (10.0)                 81.8 (26.2)   84.4 (25.7)
  Whole-body fat mass, kg            27.2 (7.5)         27.2 (8.35)                 27.7 (8.2)    26.1 (8.1)
  Lean body mass, kg                 59.2 (6.6)         59.3 (7.1)                  58.2 (7.4)    60.4 (7.3)
  Bone mineral density, g/cm^2^      1.28 (0.10)        1.28 (0.11)                 1.26 (0.11)   1.27 (0.10)
  Fasting insulin:glucose ratio      15.1 (9.5)         13.7 (8.8)                  14.8 (11.7)   13.1 (10.2)
  High-density lipoprotein, mmol/L   1.52 (1.00)        1.36 (0.56)                 1.38 (0.73)   1.28 (0.51)
  Low-density lipoprotein, mmol/L    3.37 (0.95)        3.25 (0.88)                 3.53 (1.16)   3.34 (1.12)
  Total cholesterol, mmol/L          5.25 (1.26)        5.15 (1.19)                 5.54 (1.23)   5.36 (1.32)
  Triglycerides, mmol/l              1.88 (1.15)        2.02 (1.48)                 2.13 (1.53)   2.02 (1.21)
  BMI, kg/m^2^                       28.1 (3.0)         28.2 (3.3)                  27.6 (3.2)    27.7 (3.1)
  Waist circumference, cm            98.5 (8.7)         97.6 (8.6)                  98.0 (10.6)   97.8 (8.7)
  SF36 physical component summary    54.2 (7.9)         54.9 (7.5)                  50.4 (10.0)   51.0 (10.5)
  SF36 mental component summary      41.8 (10.9)        47.1 (11.1)                 42.9 (12.8)   47.9 (11.1)
  FACIT Fatigue                      35.4 (11.7)        40.1 (10.6)                 35.2 (12.1)   39.5 (12.0)
  RSE self-esteem                    20.9 (5.3)         22.7 (5.8)                  19.9 (6.5)    21.3 (6.6)
  DISF-SRII                          79.3 (25.3)        86.8 (24.6)                 74.6 (27.7)   85.9 (30.0)

Abbreviations: BMI, body mass index; DISF-SRII, Derogatis Interview for Sexual Functioning--Self Report II; FACIT, Functional Assessment of Chronic Illness Therapy; RSE, Rosenberg Self-Esteem

Adverse events {#sec025}
--------------

There were no serious adverse events in the treatment group. Adverse events with a Common Terminology Criteria for Adverse Events (CTCAE) grade three or higher are reported in **[Table 5](#pmed.1002960.t005){ref-type="table"}**.

10.1371/journal.pmed.1002960.t005

###### AEs with a CTCAE grade 3 or higher.
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  Number of AEs   AE                                  CTCAE grade   Related?
  --------------- ----------------------------------- ------------- ----------
  **Tostran**                                                       
  1               Heartburn/indigestion               Grade 3       No
  1               Chest pain                          Grade 3       No
  1               Fatigue                             Grade 3       No
  1               Insomnia                            Grade 3       No
  1               Anxiety                             Grade 3       No
  **Placebo**                                                       
  1               Appendicitis                        Grade 3       No
  1               Skin rash                           Grade 3       Yes
  1               Indigestion and bowel disturbance   Grade 3       No

Abbreviations: AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events

Discussion {#sec026}
==========

We demonstrated that 6 months of testosterone treatment in young adult male cancer survivors with borderline low testosterone levels improved body composition. Testosterone treatment was associated with decreased trunk and whole-body fat mass of 0.9 and 1.8 kg, respectively, and whole-body lean mass increased 1.5 kg. There was no associated change in QoL or metabolic profile.

Our study is the only double-blind placebo-controlled study sufficiently powered to determine benefits for body composition in young adult male cancer survivors. The one previous placebo-controlled study, in men with lymphoma treated with chemotherapy, found no effect of testosterone treatment on fat mass or lean mass \[[@pmed.1002960.ref014]\]. However, the study had few participants (total *n* = 35), they were selected based on raised LH with testosterone in the lower half of the reference range, and there was only a modest increase in serum testosterone from 13.3 to 17.3 nmol/l on treatment. Male cancer survivors have increased fat mass compared with healthy controls \[[@pmed.1002960.ref007]\], but although higher fat mass was associated with lower testosterone levels, it could not be assumed that the lower testosterone was causative for the higher fat mass. Potentially, many factors could influence body composition after cancer treatment, including diet and exercise. Our study does, however, demonstrate that testosterone replacement improves body composition, with an approximately 0.9-kg loss in trunk fat mass; the previously published difference in trunk fat mass between cancer survivors and healthy men was approximately 2.2 kg \[[@pmed.1002960.ref007]\]. These changes occurred with 6 months treatment, and similar changes are reported in hypogonadal men who are not cancer survivors, in which trunk fat mass decreases by 1 kg, whole-body fat mass decreases by 1--3 kg, and lean mass increases by 1--8 kg \[[@pmed.1002960.ref013], [@pmed.1002960.ref019]--[@pmed.1002960.ref021]\]. In older men (age 50--80) with similar baseline testosterone levels and duration of treatment, the effect on body composition was similar to our study \[[@pmed.1002960.ref022]\]. The changes we observed were over a treatment period of 6 months, but based on longer-term studies of testosterone replacement, we could expect these changes to persist with ongoing treatment \[[@pmed.1002960.ref023]\]. The mean difference in trunk fat mass of 0.9 kg is smaller than the 1.7 kg that we estimated as clinically significant in the power calculation. In the treatment group, 25% of men had a greater than 1.5-kg decrease in fat mass. Subgroup analysis suggested that the change in trunk fat mass with testosterone treatment may be greater in men 38--50 and in those with the greatest baseline trunk fat mass (\>17.8 kg), so the effects may be more clinically significant in the men at higher risk of adverse outcomes.

Reference ranges for testosterone in healthy young men vary among laboratories \[[@pmed.1002960.ref009]\]. The Endocrine Society guidelines quote a total testosterone of approximately 10 nmol/l as the lower limit for healthy young men \[[@pmed.1002960.ref009]\]. In this study we stratified male cancer survivors aged 25--50 years, according to their screening testosterone taken between 8 and 10 AM, to those with a total testosterone between 7.0 and 9.9 nmol/l and those between 10.0 and 12.0 nmol/l. These levels would be recognised as low or borderline low by most laboratories. The men recruited to this trial correspond approximately to the lowest quartile of serum testosterone in male cancer survivors from our previous observational study \[[@pmed.1002960.ref007]\]. Testosterone levels fall with age and have a circadian rhythm, and normal ranges vary between laboratories. The patients in this study were recruited from multiple centres based on a morning testosterone level taken between 8 and 10 AM. At 26 weeks, the placebo-treated group had mean (interquartile range) total testosterone of 11.9 (9.9--13.1) nmol/l. This probably reflects biological variation and regression towards the mean, but levels remained around the borderline range for young men. The testosterone levels attained in the active treatment arm were at the upper limit of the reference range. The starting dose was according to the license. We included the 2-week dose titration because we felt it was important to achieve robust testosterone replacement and avoid an indeterminate study result due to inadequate testosterone replacement. The titration regime follows clinical practice. It is not possible to know the premorbid testosterone levels of this patient group, and with current testosterone replacement, it is not possible to titrate with perfect accuracy, because there is variable absorption of testosterone through the skin. With these provisos in mind, the aim of our study was to replicate what would be likely to happen in clinical practice. The initial intention was to stratify patients according to their baseline testosterone level, but recruitment was challenging, so we conducted an exploratory analysis of treatment effect according to baseline testosterone. There was no impact of baseline testosterone on response to therapy.

We demonstrated better than 60% adherence in more than 60% of participants, assessed by participant reports and weighing of returned canisters. About 4% of participants were shown to have less than 60% adherence. In the remaining participants, we could not confirm adherence due to nonreturn of canisters. In clinical practice, persistence with topical testosterone treatment is about 35% at 6 months, and the main reason for discontinuation is perceived lack of efficacy \[[@pmed.1002960.ref024]\].

We found no effect of testosterone treatment on QoL assessed with several questionnaires, although because the SF36 data were heavily skewed, which required a change to the statistical analysis plan for this outcome, we cannot definitively confirm that there was no effect on this score. Other studies, including the previous study of men with lymphoma, have reported benefits on QoL measures with testosterone treatment in younger and older hypogonadal men \[[@pmed.1002960.ref010], [@pmed.1002960.ref014], [@pmed.1002960.ref022], [@pmed.1002960.ref025]\]. It may be that the questionnaires we used are not the best tools for this patient population or not sensitive enough to the changes we were trying to detect, and they are not so well validated in younger men \[[@pmed.1002960.ref026]\]. However, in our previous observational study, these questionnaires did identify QoL impairment in cancer survivors compared with healthy controls \[[@pmed.1002960.ref008]\]. Most participants in this study had baseline SF36 scores indicating good QoL, and there may be selection bias in that men with significant fatigue or poor physical or mental QoL are less likely to participate in a 6-month clinical trial than a single-assessment observational study and may have already been treated with testosterone. However, baseline FACIT Fatigue scores were lower (more fatigued) in our current study than the cancer survivors in the previous observational study (35.3 versus 39.6) \[[@pmed.1002960.ref008]\]. On the basis of our current study, we cannot suggest that testosterone treatment improves QoL in this patient group.

Young adult survivors of childhood malignancy have an 8-fold-greater risk of cardiac mortality than the healthy population \[[@pmed.1002960.ref027]\], and cardiovascular morbidity is one of the commonest late effects seen in cancer survivors. Cancer survivors have an increase in all the risk factors for cardiovascular disease including obesity, dyslipidaemia, insulin resistance, and type 2 diabetes \[[@pmed.1002960.ref028], [@pmed.1002960.ref029]\]. The increased risk particularly affects people who have had higher-intensity treatments such as haematopoietic stem cell transplantation \[[@pmed.1002960.ref030]\]. If we consider the evidence from population studies, individuals with a BMI between 25 and 29.9 kg/m^2^ and with one or more risk factors for cardiovascular disease (diabetes, hypertension, dyslipidaemia) have a moderate risk of increased mortality \[[@pmed.1002960.ref031]\]. However, in men treated for testicular cancer, those who had the most intensive treatment were more likely to need prescriptions of antihypertensive and antidiabetes medication, despite having lower BMI than noncancer controls \[[@pmed.1002960.ref032]\], so body composition is not the only factor that affects cardiovascular risk in this patient group. We cannot suggest from this study that testosterone treatment in this patient group improves the metabolic profile. It is important that young male cancer survivors have their cardiovascular risk assessed and individual risk factors treated.

The limitations of our study are a relatively short duration of treatment, only three cancer groups included, and no hard end point data such as cardiovascular events. It is possible that a longer duration of treatment would have had greater effects on secondary end points such as glucose:insulin ratio and lipids. However, the available evidence suggests that any effects on our secondary end points should have occurred by 6 months \[[@pmed.1002960.ref033]\]. Different tissues have different testosterone dose-response relationships \[[@pmed.1002960.ref011]\], but our treatment group achieved serum testosterone near the upper limit of the reference range, so we are confident that they were adequately treated. We were not able to verify adherence in all participants, but verified adherence was similar in the treatment and placebo groups. Although we only included three cancer types, these three make up about 80% of cancers in men of this age, so the results should be widely applicable. We found no effect of cancer type on treatment response, but we recognise that the numbers in the lymphoma and leukaemia groups were smaller than the testicular cancer group. The study did not recruit to the original sample size; however, on the basis that there was no clinical reason to suspect a difference in treatment effects between groups, a redesign to combine serum testosterone groups was made that led to a minimum target of 112 participants. The trial recruited 136 participants, which was close to the maximum number of participants required for the SF36-PF end point on the continuous scale. Although the study was adequately powered for the primary end point of trunk fat mass after the redesign, and minimisation factors were used, there is a possibility in a trial of this size that there was some imbalance between groups, which could have influenced the outcome. We are not advocating that testosterone treatment is promoted for young male cancer survivors; however, this study provides a relevant evidence base for clinicians faced with a young adult male cancer survivor with borderline low testosterone level.

Conclusions {#sec027}
===========

In young adult male cancer survivors with low and low-normal fasting morning total testosterone 7--12 nmol/l, testosterone treatment is associated with improvement in adverse body composition, and the reduction in trunk fat mass with testosterone treatment is potentially more beneficial in those with an increased trunk fat mass. We suggest that in these patients, testosterone replacement be considered in the context of other interventions to improve body composition.

Supporting information {#sec028}
======================

###### Protocol.

(DOCX)

###### 

Click here for additional data file.
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BMI

:   body mass index

CONSORT

:   Consolidated Standards of Reporting Trials

CTCAE

:   Common Terminology Criteria for Adverse Events

DISF-SRII

:   Derogatis Interview for Sexual Functioning--Self Report II

DXA

:   dual-energy X-ray absorptiometry

FACIT

:   Functional Assessment of Chronic Illness Therapy

ITT

:   intention-to-treat

LH

:   luteinising hormone

OR

:   odds ratio

RSE

:   Rosenberg Self-Esteem

SF36-PF

:   SF36 Physical Functioning score

QoL

:   quality of life

SST

:   serum-separating tube

TRYMS

:   Testosterone Replacement in Young Male Cancer Survivors

10.1371/journal.pmed.1002960.r001

Decision Letter 0

Stone

Clare

Senior Editor

© 2019 Clare Stone

2019

Clare Stone

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

12 Aug 2019

Dear Dr. Ross,

Thank you very much for submitting your manuscript \"Testosterone Replacement in Young Male cancer Survivors (TRYMS): A six month double-blind randomised placebo-controlled study\" (PMEDICINE-D-19-01858) for consideration at PLOS Medicine.

Your paper was evaluated by a senior editor and discussed among all the editors here. It was also discussed with an academic editor with relevant expertise, and sent to independent reviewers, including a statistical reviewer. The reviews are appended at the bottom of this email and any accompanying reviewer attachments can be seen via the link below:

\[LINK\]

In light of these reviews, I am afraid that we will not be able to accept the manuscript for publication in the journal in its current form, but we would like to consider a revised version that addresses the reviewers\' and editors\' comments. Obviously we cannot make any decision about publication until we have seen the revised manuscript and your response, and we plan to seek re-review by one or more of the reviewers.

In revising the manuscript for further consideration, your revisions should address the specific points made by each reviewer and the editors. Please also check the guidelines for revised papers at <http://journals.plos.org/plosmedicine/s/revising-your-manuscript> for any that apply to your paper. In your rebuttal letter you should indicate your response to the reviewers\' and editors\' comments, the changes you have made in the manuscript, and include either an excerpt of the revised text or the location (eg: page and line number) where each change can be found. Please submit a clean version of the paper as the main article file; a version with changes marked should be uploaded as a marked up manuscript.

In addition, we request that you upload any figures associated with your paper as individual TIF or EPS files with 300dpi resolution at resubmission; please read our figure guidelines for more information on our requirements: <http://journals.plos.org/plosmedicine/s/figures>. While revising your submission, please upload your figure files to the PACE digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <PLOSMedicine@plos.org>.

We expect to receive your revised manuscript by Sep 02 2019 11:59PM. Please email us (<plosmedicine@plos.org>) if you have any questions or concerns.

\*\*\*Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.\*\*\*

We ask every co-author listed on the manuscript to fill in a contributing author statement, making sure to declare all competing interests. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. If new competing interests are declared later in the revision process, this may also hold up the submission. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. YOU MUST NOT ADD OR REMOVE AUTHORS UNLESS YOU HAVE ALERTED THE EDITOR HANDLING THE MANUSCRIPT TO THE CHANGE AND THEY SPECIFICALLY HAVE AGREED TO IT. You can see our competing interests policy here: <http://journals.plos.org/plosmedicine/s/competing-interests>.

Please use the following link to submit the revised manuscript:

<https://www.editorialmanager.com/pmedicine/>

Your article can be found in the \"Submissions Needing Revision\" folder.

To enhance the reproducibility of your results, we recommend that you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see <http://journals.plos.org/plosmedicine/s/submission-guidelines#loc-methods>.

Please ensure that the paper adheres to the PLOS Data Availability Policy (see <http://journals.plos.org/plosmedicine/s/data-availability>), which requires that all data underlying the study\'s findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information for obtaining the data. PLOS journals do not allow statements supported by \"data not shown\" or \"unpublished results.\" For such statements, authors must provide supporting data or cite public sources that include it.

We look forward to receiving your revised manuscript.

Sincerely,

Clare Stone, PhD

Managing Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

Requests from the editors:

Abstract -- Please provide demographic details of participants; the final sentence of the 'Methods and Findings' section should include a sentence on the studies limitations; please mention country and setting; please use past tense when you describe the findings

Funding -I don\'t think you need to mention the funders in the text

\- Please provide an Author Summary -- in the main text immediately following the abstract. This should be a non-technical, lay summary. See style for guidelines.

-Please move the CONSORT flowchart should be in the main paper -- usually this would be Table 1 and please reorder others and any shout outs in the text.

Please provide a table of adverse events?

\- At the start of the discussion, we ask you to generalize less and just say what you found in your study (past tense)

\- why are there two reference lists?

\- Please provide a CONSORT checklist?

Please provide an analysis plan?

Page 10 -- you mention multiple questionnaires -- are all provided as Supp Files or available without paywall in cited articles? If not, please provide.

Comments from the reviewers:

Reviewer \#1: These authors have carried out a detailed analysis of the effects of testosterone replacement in a group of relatively young cancer survivors: the three groups they chose included testicular cancer, lymphoma and leukemia. The study was meticulously organized and performed, in an exemplary randomized double-blind manner. Unfortunately, the outcomes were fairly negative, showing only a minimal change in body fat but few other important questionnaire or metabolic changes. Nevertheless, these are significant novel data in view of the massive increase in cancer survivors and the few large-scale and placebo-controlled studies.

My major comment is that as the results were relatively disappointing in terms of positive effects, it would be helpful if the authors could offer advice as to which patients should in fact be offered treatment. The changes in body fat were very small, but is there is a level of baseline testosterone in which it should be seriously considered? I cannot see in the present manuscript what threshold of testosterone is worthy of active intervention.

Minor comments;

1\. the adherence rates were similar in the two groups, but were rather low; can the authors discuss this further?

2\. A couple of sentences on the changes in levels of testosterone are repeated on page 8.

3\. The references are given twice, and are not the same.

4\. All units should also be in SI at first mention and thereafter at every point an international audience.

Reviewer \#2: This is a useful RCT on the effect of Testosterone Replacement in Young Male cancer Survivors (TRYMS). The randomisation, sample size calculation, statistical methods and analyses, presentation (tables and figures) and interpretation of the results are mostly adequate and of a good standard. However, there are still a few issue needing attention, especially on the change of the study design and its consequences.

1\) I can understand the original plan is to study two strata serum testosterone 200-285 and 286-350 separately to have detailed understanding of the effect of the intervention on these two subgroups. But recruitment difficulty forced the investigators to study a combined group with a broader range of serum testosterone of 200 to 350 instead. The samples size calculation for this combined group is still fine. some issues here: a) where was the effect size of 1.7kg from? references? Were effect sizes same for both the 200-285 and 286-350 groups? b) A sample size of 100 (112 including 10% dropouts) of SF36-PF are only good for effect size 0.6 to 0.8 not the moderate 0.5, so basically only good for detecting relatively bigger effect. c) The final sample size of 136 makes it slightly better but feels like this is a RCT failing to recruit enough patients so failed original purposes and then used the combined group as a compromise. However, the pros and cons of the change in study design and its consequences need to be clearly discussed in the discussion.

2\) Sample size and analysis of SF36-PF as co-primary endpoint are not adequate. Firstly the sample size is slightly underpowered for SF36-PF; secondly, to change from a continuous outcome (powered) to binary outcome (not powered and a bit odd using 100 vs \<100) makes the analysis not powered and not planned. Therefore the results for SF36-PF are inconclusive and need to tone down the claims of the non-significant findings due to all these compromises.

3\) One minor point on table 1, there are many missing % signs for the values in the table.

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

10.1371/journal.pmed.1002960.r002
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Submitted filename: Response to Editor and reviewers.Final.docx
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20 Sep 2019

Dear Dr. Ross,

Thank you very much for re-submitting your manuscript \"Testosterone Replacement in Young Male cancer Survivors (TRYMS): A six month double-blind randomised placebo-controlled study\" (PMEDICINE-D-19-01858R1) for review by PLOS Medicine.

I have discussed the paper with my colleagues and the academic editor and it was also seen again by reviewers. I am pleased to say that provided the remaining editorial and production issues are dealt with we are planning to accept the paper for publication in the journal.

The remaining issues that need to be addressed are listed at the end of this email. Any accompanying reviewer attachments can be seen via the link below. Please take these into account before resubmitting your manuscript:

\[LINK\]

Our publications team (<plosmedicine@plos.org>) will be in touch shortly about the production requirements for your paper, and the link and deadline for resubmission. DO NOT RESUBMIT BEFORE YOU\'VE RECEIVED THE PRODUCTION REQUIREMENTS.

\*\*\*Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.\*\*\*

In revising the manuscript for further consideration here, please ensure you address the specific points made by each reviewer and the editors. In your rebuttal letter you should indicate your response to the reviewers\' and editors\' comments and the changes you have made in the manuscript. Please submit a clean version of the paper as the main article file. A version with changes marked must also be uploaded as a marked up manuscript file.

Please also check the guidelines for revised papers at <http://journals.plos.org/plosmedicine/s/revising-your-manuscript> for any that apply to your paper. If you haven\'t already, we ask that you provide a short, non-technical Author Summary of your research to make findings accessible to a wide audience that includes both scientists and non-scientists. The Author Summary should immediately follow the Abstract in your revised manuscript. This text is subject to editorial change and should be distinct from the scientific abstract.

We expect to receive your revised manuscript within 1 week. Please email us (<plosmedicine@plos.org>) if you have any questions or concerns.

We ask every co-author listed on the manuscript to fill in a contributing author statement. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. YOU MUST NOT ADD OR REMOVE AUTHORS UNLESS YOU HAVE ALERTED THE EDITOR HANDLING THE MANUSCRIPT TO THE CHANGE AND THEY SPECIFICALLY HAVE AGREED TO IT.

Please ensure that the paper adheres to the PLOS Data Availability Policy (see <http://journals.plos.org/plosmedicine/s/data-availability>), which requires that all data underlying the study\'s findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information for obtaining the data. PLOS journals do not allow statements supported by \"data not shown\" or \"unpublished results.\" For such statements, authors must provide supporting data or cite public sources that include it.

If you have any questions in the meantime, please contact me or the journal staff on <plosmedicine@plos.org>.

We look forward to receiving the revised manuscript by Sep 27 2019 11:59PM.

Sincerely,

Clare Stone, PhD

Managing Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)
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Requests from Editors:

Abstract- what is borderline low testosterone, they should provide a range

Abstract-which cancers were included?

Author summary mentions increase in muscle mass, which was not mentioned in the abstract. If included as an endpoint, it should be mentioned sooner.

Page 4- phrases such as \"frankly low\" or \"well below\"

Page 4 ref for the normal range of circulating testosterone- seems odd that they say the normal range in most laboratories. Surely it should be standardised?

Page 6- citations to all questionnaires used in the study should be provided earlier in the endpoints section where they are first mentioned

Page 6- please introduce SST samples on first view

(TRYMS) -- remove from title as not a common acronym; Also Is this a trial? If so the study descriptor needs to reflect this (a randomised trial)?

Abstract " specialised oncology hospital setting" -- please say which hospitals or at least cities; please move the summary participant information to the start of the methods and findings section in regard to recruitment; note dates of recruitment should be added to abstract; Please remove ISRCTN: 70274195 and the other trial number from the mid part of the abstract and move to the end of the abstract; The Methods and Findings need to be combined into 1 section, per house style (please see formatting instx) and also the sentence on the limitations of the study need to be moved to the end of this combined section; please explain as background why testosterone is reduced for all cancers, rather than just testicular, as one might expect.

Author summary -- what does borderline low level mean....borderline for what?; next point "A common question of young male cancer survivors to their physician is: "would I benefit from testosterone treatment?"" Really? Patients ask this? I wouldn't have thought that most patients would be aware of it or it be the first thing on their mind -- please avoid any declamatory language; Remove final point as it's repetitive with a point made above.

Questionnaires -- please ensure all are submitted as Supp files

Methods -- as requested also in abstract -- we need details of hospitals and cities.

Did your study have a prospective protocol or analysis plan? Please state this (either way) early in the Methods section.

a\) If a prospective analysis plan (from your funding proposal, IRB or other ethics committee submission, study protocol, or other planning document written before analyzing the data) was used in designing the study, please include the relevant prospectively written document with your revised manuscript as a Supporting Information file to be published alongside your study, and cite it in the Methods section. A legend for this file should be included at the end of your manuscript.

b\) If no such document exists, please make sure that the Methods section transparently describes when analyses were planned, and when/why any data-driven changes to analyses took place.

c\) In either case, changes in the analysis---including those made in response to peer review comments---should be identified as such in the Methods section of the paper, with rationale.

Were there any adverse events? You state calls to collect adverse events were at 6 and 19 weeks -- then you say collected from enrolment to final phone call. Please clarify

"Body composition was assessed by whole body DXA. Lunar and Hologic machines were used by the study centres." -- please describe these for the non-specialist

"were measured in local laboratories at each site." -- please be more specific

Results -- "July 2012 and February 2015" Please be exact with the dates and please also explain why in the trial registration (<https://www.isrctn.com/ISRCTN70274195?q=70274195&filters=&sort=&offset=1&totalResults=1&page=1&pageSize=10&searchType=basic-search>) the end point has been changed and also you exceed the stated endpoint. Please ensure any changed to the analysis plan are discussed in the method section.

"The groups were well balanced for age, height, BMI, eligibility testosterone, cancer diagnosis and time from cancer treatment" -- please explain how the groups are matched for cancer diagnosis -- do you mean type of cancer?

Please ensure all quantifiable data had 95% Cis and p values

"Our study is the only double-blind placebo controlled study..." -- to our knowledge..please amend

"SF-36 scores in our current study were generally good at baseline" -- please avoid vague language and be specific

Provide a conclusions heading before 'In conclusion, ...."

Table 2 -- add p values

Fig 1 -- please provide more details of the reasons for 610 to be excluded

CONSORT checklist -- please provide sections and paragraphs instead of pages as these change ion formatting.

Comments from Reviewers:

Reviewer \#1: All queries satisfactorily answered

Reviewer \#2: Thanks authors for their great effort to improve the manuscript. All my questions are comprehensively addressed. I am satisfied with the response and the revision. No further issues needing attention.

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

10.1371/journal.pmed.1002960.r004
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11 Oct 2019

Dear Dr. Ross,

On behalf of my colleagues and the academic editor, Dr. Sanjay Basu, I am delighted to inform you that your manuscript entitled \"Testosterone Replacement in Young Male cancer Survivors: A six month double-blind randomised placebo-controlled trial\" (PMEDICINE-D-19-01858R2) has been accepted for publication in PLOS Medicine.

PRODUCTION PROCESS

Before publication you will see the copyedited word document (in around 1-2 weeks from now) and a PDF galley proof shortly after that. The copyeditor will be in touch shortly before sending you the copyedited Word document. We will make some revisions at the copyediting stage to conform to our general style, and for clarification. When you receive this version you should check and revise it very carefully, including figures, tables, references, and supporting information, because corrections at the next stage (proofs) will be strictly limited to (1) errors in author names or affiliations, (2) errors of scientific fact that would cause misunderstandings to readers, and (3) printer\'s (introduced) errors.

If you are likely to be away when either this document or the proof is sent, please ensure we have contact information of a second person, as we will need you to respond quickly at each point.

PRESS

A selection of our articles each week are press released by the journal. You will be contacted nearer the time if we are press releasing your article in order to approve the content and check the contact information for journalists is correct. If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact.

PROFILE INFORMATION

Now that your manuscript has been accepted, please log into EM and update your profile. Go to <https://www.editorialmanager.com/pmedicine>, log in, and click on the \"Update My Information\" link at the top of the page. Please update your user information to ensure an efficient production and billing process.

Thank you again for submitting the manuscript to PLOS Medicine. We look forward to publishing it.

Best wishes,

Clare Stone, PhD

Managing Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)
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